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ABSTRACT

The formulation for mathematically fairing curves and surfaces
presented in Volume 3 of this Final Report has proved capable of
economically fairing large areas of the molded form up to half the
ship in size. In addition, perhaps for the first time, a satisfactory
method has been developed for fairing mathematically the extreme ends
where discontinuities occur. The joining of these several faired
surfaces to form a single fair surface has not yet been successfully

demonstrated.

The fairing method has been incorporated in a system of programs which
provide loft data mathematically. Some of these programs have been
used in production by Todd Shipyards Corporation and under contract to
others for producing loft data.

Several elements of the fairing system require additional development
work. These items are listed in the recommendations at the end of

this report.

There is a need to reduce the size and density of the problem so that

larger surfaces can be handled more efficiently.

Production use of the fairing method itself should be attempted only
after the additional work recommended has been completed. Suggestions
for the solution of these problems have been offered in this report.
The effort still needed is small compared to that already expended in
formulating the method itself and demonstrating the system presented.
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Section I

INTRCDUCTION

Todd Shipyards Corporation, Los Angeles Division, under Contract
NObs-4427 has developed and presented as Volume 3 of this final
report a system for mathematically fairing and lofting ships.

This system starts with the preliminary offsets produced by a naval

architect and produces much of the loft data needed for construction.

The heart of this system is the mathematical fairing method presented
as Part 1 - Theory, of Volume 3. This method was formulated,
developed, and tested to the extent possible, within the time and

funds provided.

Presented in the following sections are:

~— A discussion of the mathematical fairing method employed
— The limitations of the system
—— A comparison of the system with the criteria

— Recommendations and conclusions
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Section II

DISCUSSION OF MATHEMATICAL FAIRING METHOD

The basic fairing method developed followed exhaustive state-of-the-
art studies and comparison of the many previous approaches to the
problem with the criteria established for this program. This criteria
was established for the purpose of developing a method capable of

meeting shipyard production requirements.

These requirements are somewhat different and definitely more restrict-
ing than the requirements for a mathematical hull definition to be
used in hydrodynamic studies.

Linear programming, employing a notation for cubic equations developed
by Dr. Feodor Theilheimer of the David W, Taylor Model Basin, was

chosen as the best method capable of meeting the criteria.*

A. PLANE CURVE FAIRING

In applying linear programming to ship fairing, plane curves were
developed first. Plane curves defined by five to twelve offsets
have been faired many times. It is possible to fair curves
defined by twenty or twenty-five offsets on an IBM-1620 computer

using the formulation developed.

To fair a five to ten-point waterline requires only a few minutes

on the 1620. Representative examples of curves and times for

*

Todd Shipyards Corporation Technical Report 1.1.1, "Evaluation of
Mathematical Lofting Methods in Current Use, and Comparison with
Developed Criteria,”" R. A. Tapia,.March 1, 1962
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C.

fairing are given in Appendix A.

The success of the linear programming/mathematical spline curve
method for plane curves encouraged an extension of the method to

three dimensions.

THREE~DIMENSIONAL FAIRING

The three-dimensional method used in some previous fairing schemes,
and that which is most obvious because of the ease with which
plane curves can be faired, is simply to fair each of the original,
individual stations and waterlines independently, and iterate back
and forth between waterlines and stations until at each point where
a waterline and station are common, the offset from one is very

nearly equal to the offset of the other.

This method was attempted but was dropped in favor of surface
fairing for two reasons:

1. It had not been possible to demonstrate a set of
waterlines and stations which have the same offsets
at common points.

2. The surface area between stations and between water-
lines is undefined. Data can only be obtained in
this area by some interpolation scheme.

SURFACE FAIRING

The method uses surface equations rather than plane curve equations.
It was first formulated under Contract NObs-4427.% The surface has
the characteristics of a spline curve in the station direction and

in the waterline direction.
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Two types of fit have been used. The first is the minimax or
lambda (N) fit. To fit the equation to the offsets using this
fit, the linear program seeks to minimize the absolute value of

the greatest deviation of the equation from the offsets.

The second type is the sum-of-the-deviations fit. This fit
minimizes the sum of the absolute values of the individual

deviations.

The difference is that the lambda fit provides an even distri-
bution of the deviation over all the offsets. The sum~of-the-
deviations fit usually provides a surface that comes very close
to the majority of offsets, but may build up a large deviation

at one or two offsets near one end of the surface.
The lambda fit was first formulated for linear programming using
the primal tableau. It was later restated with changes using

the dual tableau.

1. Lambda Formulation - Primal

The formulation required four constraints per offset. These

were:

a. The equation of the surface at each preliminary offset
is equal to, or greater than, the value of the pre-

liminary offset minus A .

b. The 2quation of the surface at each preliminary offset
is equal to, or less than, the value of the preliminary
offset plus >\.

c. The value of the second difference in the waterline
direction of the preliminary offset, times the value of
the second derivative of the surface equation taken in
the waterline direction at the preliminary offsat is

greater than or equal to zero.
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2,

d. The value of the second difference in the station
direction of the preliminary offset, times the value
of the second derivative of the surface equation in
the station direction at the preliminary offset is

greater than or equal to zero.

Constraints a and b are the deviation constraints; c and d

are the curvature constraints.

The first surfaces faired with this method each contained
offsets for five stations and five waterlines (twenty-five
offsets). These required approximately seventeen minutes of
7090 computer time to fair.* A larger surface covering ten
stations and eight waterlines (eighty offsets) was then
successfully faired but required an excessive amount of IBM-

7090 computer tir> (seven hours).

At this point, it became apparent that the technique was
successful from a technical viewpoint but needed to reach a
solution faster for two reasons: first, to be economically
feasible; second, because the great number of calculations
involved could adversely affect the accuracy of the numbers

involved.

Sum of Deviations Formulation

Experience with linear programming problems indicates that

execution time of a problem varies greatly with the number of

*
An example of the result of this effort is given in Appendix A of

Todd

Shipyards Corporation Technical Report 1.2.3, "A Method for

Defining and Fairing Ships' Form Using Linear Programming," by

R. A.

1.5.0
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constraints present and varies little with the number of
variables. 1Initial work on reducing the running time
concentrated on reducing the number of constraints per

offset. A variation in the formulation was made which produced
the "sum of the deviations fit" reported in Part 1 - Theory,

of Volume 2, of the Final Report.

Here, a single deviation constraint replaced the two deviation
constraints of the Nfit. Two dummy variables were used in
each constraint defined by the following:
The equation of the surface at each preliminary offset,
plus the first dummy variable, minus the second dummy
variable, equals the preliminary offset.
A different pair of dummy variables is used for each offset.
Since these variables are linearly dependent, only one of
each pair can be in the solution at a time. Therefore, the
dummy variables that are in the solution are the set of
deviations of the equation from the offsets. The linear
program minimizes the sum of the absolute values of these

deviations.

Obviously, this formulation decreases the constraints by
twenty~-five percent. This, plus an improvement in the
manner of using the LP, produced a solution to the eighty-
offset problem in sixty-two minutes instead of seven hours.

The twenty-five offset problem required one minute.

3. Lambda Formulation - Dual

In an effort to retain the lambda fit but reduce the solution
time, an alternate approach retaining the original four con-
straints was tried using a surface equation which is '"double

splined," as discussed in Part 1 - Theory, Volume 2, of the
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Final Report. Double splining means that each cubic spans two
intervals between offsets instead of one, as in previous
formulations. This reduces the required number of terms in
the surface equation and eliminates the curvature constraints
at the offset in the center of each cubic interval. With this
change, it became important to re-state the problem in the
dual form. 1In this form the constraint matrix is transposed,
and this, for the fairing formulation, presents an apparently

reduced number of constraints in the problem.

The double spline formulation requires an odd number of offsets;
therefore, the ten-station, eight-waterline-eighty-offset
surface was replaced by an eleven-station, seven-waterline,
seventy-seven offset surface. This problem, double splined in
both the statiou and waterline directions, required seventeen
minutes on the 7090. The twenty-five offset problem now

required about fifteen seconds.

Because the lambda fit gives a better overall fit it has been
used in the system as presented. Examples of surfaces using
both fits are presented in Appendixes B and C. Deviations in
all cases have been of a reasonable order compared to the
unfairness one might expect in preliminary offsets - usually
under one inch in surfaces and under three-eighths inch on

curves.
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Section III

SYSTEM LIMITATION

LINEAR PROGRAMMING - PROBLEM SIZE LIMITATIONS

Although there are linear programs in existence which can handle very
large problems (up to 1,023 constraints), there are still practical
limitations on the size, caused by .two special circumstances in the
ship problem:

1. The high dénsity of the formulation, compared to other
linear programming problems

2. The extreme rauge, from very small to very large, in
number size which occurs in the matrix

The high density as well as large size of the problem matrix for a
large surface requires a great many iterations and a great number of
calculations per iteration. This creates long execution times for
large surfaces; but more important, the excessive number of calcula-
tions, combined with the extreme range of number size, can cause a
loss of accuracy. This loss can produce a surface with unacceptably
large deviations from the offsets, or it can cause the program to
fail to find a solution.

During the evolution of the formulation, the effects of these factors
have been diminished, allowing larger and larger surfaces to be done
with increased reliability. At present, the largest surface that can
be faired with assurance is eleven stétions by nine waterlines

(ninety-nine offsets).
Several surfaces of approximately seven stations by eleven waterlines,

each requiring about an hour of IBM-7090 time, must be joined to
produce the complete ship molded form, for a total estimated fairing
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time of four to six hours per ship. The considerations used reaching
this time estimate were (1) the surfaces will be double-splined in

one direction only, (2) additional time because of the uncertainty of
exact solution times using linear programming. A satisfactory method

of joining such surfaces has not yet been demonstrated.

There are many methods offering possibilities for increasing the
size of individual surfaces defined which have not yet been tried.
Examples are:
1. To normalize each constraint within itself, thus reducing
the extreme number range that can now be present

2. To perform other basic matrix arithmetic operations to
reduce the size or density of the matrix

3. To investigate the possibility of fairing only every
second station on selected parts of the hull.

These changes are mechanical, that is, they require no reformulation
of the basic method. Such changes, coupled with improvements in
linear programming methods and programs, or possibly an LP code
written specifically for this problem should eventually make it

possible to fair the ship molded surface complete in one pass.

JOINING THE FAIRED SURFACES

The problem of joining the several faired surfaces to produce a

complete molded form was not attempted until near the end of the

Contract period. Consequently, only one method was tried - the simplest.

This consisted of (1) fairing the first surface, (2) solving for the
faired offsets at the last station of this surface, (3) overlapping
the last station interval with the second surface and requiring the
second surface to go exactly through the offsets found in (2). It was
found that the second surface did go exactly through these points when
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faired, and that on the waterlines where this happened, the difference
in first and second derivatives was negligible. However, in some
intervals (not all intervals) between these waterlines, the surface
formed a different shaped station, causing a line of discontinuity
between the surfaces so that the method was judged unsatisfactory.
Examples of other methods are:

1. Overlapping the surfaces and requiring the second

surface to go through first-surface offsets pf both
overlapped stations

2. Overlapping the surfaces and requiring the second surface
to have the same station equation as the first surface
for one or both of the overlapped stations

3. Collapsing the first-surface equation into an equation
for the final station interval for the first surface
and requiring the second surface to have this equation
in its first-station interval

4. Using decomposition programming or dyhamic programming
to obtain an optimum solution to the entire hull surface
in stages

These methods have not been tried. Methods 1. and 2. will not provide
continuous first and second derivatives at the joint, but the
discrepancies may be negligible. Methods 3. and 4. have the ability

to require continuous first and second derivatives. Method 3. is

the easiest to implement. Method 4. uses well-established mathematical
programming concepts and would provide a continuous surface equation

over the entire hull.

FLAT BOTIOM FORMS

This horizontal surface condition leads to infinite slope in the surface
equation. There are two methods for solving this problem. The first

is to use the same formulation in this area as was used for the end
conditions. This would ailow for infinite slope, but would require

a modification of the problem formulation,
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A second method, more convenient to use, would be simply to require

the surface to have a very large but finite slope.
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Section IV

COMPARISON OF SYSTEM WITH CRITERIA

SYSTEM CRITERIA

The criteria established at the beginning for use in developing

the fairing system, and the extent to which the fairing system

meets these criteria are given below:

1.

"The system should accept as data the preliminary information
developed by the naval architect'

The input data required by the fairing system consists of the
table of preliminary offsets, including centerplane profile
data. The only additional requirement placed on the naval
e:chitect is that he extend the station lines to an

imaginary waterline above the deck edge.

"It should include a method for eliminating gross errors in

the input data"

To locate offsets which are obviously the result of an error,

a computer program has been included which scans the data

prior to fairing, by investigating the consistency of the

signs of the second differences, along each waterline and
station. If a bad offset is found, the program adjusts the
value and reports both the questionable value and adjusted value
to the loftsman.
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3. "It should, from the data, obtain a fully faired hull
form from which the ship can be produced"

The mathematical definition of fairness used in developing
the method is presented later, along with a discuassion on
its application. Because the molded form is described by
a surface equation it is possible to describe completely
intersections of other prescribed forms with it (frames,
decklines, etc.). A computer program is included in the
system which does this automatically.

4., "The fairing process should operate with as little human
intervention as possible"
The fairing system, in its final form, should require manual
effort in the initial data stages only. This effort is
limited to selecting the stations which limit the extent of
each surface, to preparing the input offsets, and to verify-
ing that the smoothed offsets and second differences are
consistent with the original intent. All fairing calcula-
tions from this point on are made automatically and require
only the operating of the computer and someone to monitor
results. However, the method has not yet been demonstrated
to the extent necessary to insure its reliable application
in all cases. It will therefore be necessary to evaluate
surfaces produced and continue to provide the system with
greater capability until such time as it can satisfactorily
define all principal surfaces on all types of ships.
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5. "The system should develop, as much as is practicable,
complete loft information now provided by the manual loft”

The system provides the following loft data:

b.

Complete set of offsets on any station, waterline,
buttock or diagonal plane at any interval

Offsets along any waterline or station at any interval,
such that a straight line joining two consecutive
offsets comes exactly at a given tolerance from the
mathematical molded form

Other data as required for numerical control programs,
such as slopes, curvatures, and standard cubic
equations for form plane curves

Mathematically developed shell plate cutting pattern
offsets

Offsets for plate rolling and frame bending templates
Data describing the inside edge of web frames

Mathematically developed offsets for longitudinal
cutting patterns

FAIRNESS CRITERIA

System Criterion No. 3. requires the surface to be fully fair.

Mathematical criteria for fairness were established, and a comparison

of the system capabilities with these criteria is presented below.

1. "The curve Y(X) (which represents the intersection of a
plane with the surface) must be continuous; its first
derivative must be continuous; its second derivative must
be continuous'

These requirements are inherently met by the spline curve

representation of the surface. That is, the surface is made

up of cubic equations which have continuous first and second

derivatives; and these cubics are joined by a technique

which guarantees these continuities across each joint.
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B.

5.

"The system should develop, as much as is practicable,
complete loft information now provided by the manual loft”

The system provides the following loft data:

a.,

b.

Complete set of offsets on any station, waterline,
buttock or diagonal plane at any interval

Offsets along any waterline or station at any interval,
such that a straight line joining two consecutive
offsets comes exactly at a given tolerance from the
mathematical molded form

Other data as required for numerical control programs,
such as slopes, curvatures, and standard cubic
equations for form plane curves

Mathematically developed shell plate cutting pattern
offsets

Offsets for plate rolling and frame bending templates
Data describing the inside edge of web frames

Mathematically developed offsets for longitudinal
cutting patterns

FAIRNESS CRITERIA

System Criterion No. 3. requires the surface to be fully fair.

Mathematical criteria for fairness were established, and a comparison

of the system capabilities with these criteria is presented below.

1.5.0

"The curve Y(X) (which represents the intersection of a
plane with the surface) must be continuous; its first
derivative must be continuous; its second derivative must

be continuous"

These requirements are inherently met by the spline curve

representation of the surface. That is, the surface is made

up of cubic equations which have continuous first and second

derivatives; and these cubics are joined by a technique

which guarantees these continuities across each joint.



2. "The curve must be completely free of unwanted inflection
points while possessing those inherent in the data"
This requirement has been met by requiring the equation at
each offset to have the same sign for its second derivative
as the previously calculated second difference at that offset.
For the surface equation, this requirement is imposed in
both the station and waterline directions. This technique
has been very successful in controlling inflection points
wherever applied. Use of it enables the formulation to
specify a choice of either one inflection point or no

inflection points within each cubic interval.

3. '"Deviation from scaled offsets must be as small as posgible,
subject to Conditions 1. and 2."

This requirement is the basic reason for the selection of
linear programming to fit the surfaces, and is inherently

met by it.

4, '"Curves should be aesthetically pleasing"

When criteria 1 through 3 have been met by a mathematical
curve or surface, experience has confirmed that Criterion
4 will also be met, provided that it was reasonably inherent

in the original data.
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Section V

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The mathematical lofting system described herein has adequately
demonstrated the applicability of the mathematical theory employed.
It has been demonstrated that the system itself is a practical,
economical one, potentially capable of providing any shipyard with
all of the general information provided by conventional lofts. It
is not yet a "black box" system; that is, the method has not been
implemented with sufficient computer programs to permit complete

lofting without some manual intervention and decisions.

The system was tested by trying to fully define only one ship.

This single test showed that the system was lacking in completeness.
It ¢1id not satisfactorily join individually faired surfaces, nor
was it reliable in defining flat bottoms. It is apparent there is
a need for additional work before the system is complete and ready

for use by production forces.

The method employed in meeting the established criteria has overcome
the basic problems in mathematical lofting which heretofore appeared
insurmountable. It offers to the shipbuilding industry a greater
potential for economical use of numerically controlled fabrication
processes. If used early in the design phase, it offers the architect
the potential for employing automated drawing machines in his daily
work.
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RECOMMENDATIONS

Though the method employing linear programming to fit a fair
surface to the naval architect's offsets has been demonstrated as
practical and economically feasible, the only full ship test
which time permitted to be made proved that the system had certain
technical deficiencies which remain to be corrected to improve

its reliability and to make it a workable production system.

It is recommended that work on at least the following elements
of the system be continued:

1. Demonstrate a satisfactory method for joining faired
surface areas

2. Impose restrictions on the signs of the curvatures
at the terminations of stations and waterlines

3. Demonstrate a method for defining flat bottoms

These developments do not require any state~-of-the-art breakthroughs,
but are generally a matter of straightforward application of
mathematics and computer programming. This work should be
accomplished before the system is placed in full production usage.
Efforts can then proceed on expanding the system capability for all

cases and toward improving the economy of the system itself.
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APPENDIX A

PLANE CURVES

This Appendix contains three examples of curves faired with the
linear programming method:

Curve 1 Load Waterline - Forward
Curve 2 Load Waterline - Aft

Curve 3 Floor Frame Curve
A description of the procedure followed, a listing of the input

data, a listing of the offsets of the faired curve, and a plot of

the faired curve are presented in each case.
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CURVE 1 LOAD WATERLINE - FORWARD

Project:

To fair the forward one-half of the load waterline of a 250' cargo
ship to investigate the fairness quality of the faired line. 1In
addition, it was desired to investigate the ability of the method
to fit a straight section.

Data:

The preliminary offsets of Stations 1 through 8 and Station 10.
Station 8 through 10 are all equal and within the parallel middle-
body.

Procedure:

The second differences of the offsets were found to be consistent.
The matrix was punched by hand using the lambda - primal formulation.
In addition, the slope and curvature at Station 10 were required to
be zero. The line was faired on the IBM-1620 in eight minutes. The
offsets were solved from the equation using GOBACK 3 and were plotted
as shown. In addition, the line was plotted at 1/4" = 1'0" for

sight checking.

Results:
The greatest deviation (M) was approximately 5/16". The line was
found to satisfy both the mathematical and sight tests for fairness.

The straight section was fit perfectly and the transition into the
curve was fair.
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Input Data - Curve 1 Load Waterline - Forward
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CURVE 2 LOAD WATERLINE - AFT

zgjoct:

To fair the after one-half of the load waterline of a 250' cargo ship
for investigating the fairness quality of the faired line and to
determine the applicability of the fairing method.

Data:

The preliminary offsets of the eleven stations from Station 10 to
Station 20, inclusive

Procedure:

The second differences of the offsets were found to be OK. The matrix
was punched by hand using the lambda-primal formulation. The line was
faired on the IBM-1620 computer in approximately ten minutes. Offsets
were solved for using GOBACK 3 and were plotted as shown. Additionally,
the line was plotted at 2 scale of 1/4" = 1'-0" to be checked for
fairness.

Results:

On the larger scaled plot, the line was observed to contain a fairly
flat section approximately fifty feet from amidships. The preliminary
lines plan and offsets were reviewed and this confirmed that an
intentional flat area exists in this portion of the hull. The curve
was then found to meet the fairness criteria, both mathematically and
by sight tests of a number of qualified individuals.
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CURVE 3 FLOOR FRAME CURVE

Project:

To fair a curve taken from a transverse section of a ship hull to
determine the applicability of the fairing method.

Data:

The data was taken from previously faired offsets of a floor frame of
the DIG-26. It contained seven offsets.

Procedure:

The matrix was punched by SMOG 4 in the sum of the deviations
formulation. The curve was faired on the IBM-1620 and required

two minutes to fair. The offsets were solved for using GOBACK 3., In
addition, ten offsets from the curve were chosen at rendom and sent to
the loft to be plotted at a scale of 1" - 1'-0" vertically.

Results:

The faired curve passed exactly through every data point. The offsets

vhich were sent to the loft were fit with a batten and were found to
be fair without changes.

1.5.0 A-16



FLOOR FRAME CURVE PRFLIM, OFFSETS

Curve 3

NN T 0
—MN=\0 OmMm

A-17

1.5.0



S8709128"
LEENLOER®
9Nl11988L°
tryiedne”
88snLS0L "
516R¢5069°
gezZE0OLE9 "
19629899 "
i181£969°
gENBUNDO”
66609255
hhG L BODS
otigésnn”
Sunletin®
98L9¢€86N "
22150825°
89aGLLNG "
1021800 °
nelri18eLl”
198£6981 °
00000000°

*"1VATY¥30 OGNOI3S

OnZieese Yy
0LE650NhL
0i0nZBES L
0gnsZone "t
0ESEINTL°E
oignlenre*e
osgneltB 2
poLeZon9 e
01209802
oOhnZ6C92e~2
0909¢iBt"¢C
0€229600°<
06C56086"1
060295181
09SLine9°|
069¢n996"1
04nBs2ENL
g9¢9zeiet
0e9Lticey
oenZBSLECH
092028511

*LIVATY30 LSu'4

A 6

$13S430

00161589°91
gos6cogeeL sl
gotoeEiB N
o0nNGESH L
C06666FL°EL
00994028721
001 i8ha9° 1L
D06€S196°0t
00666618701
0h69061L°6
01816551 °6
0870 129°%
000000¢gt "8
01605199,
otno2222 L
Un900518°9
¢00000hNn" 9
0LnnSl60°9
0£S9108L°S
0gSOLLIRN"S
00000061 °S
A

000D0D00"S
000000S2 1
0000000G°n
000000%2°n
00000000
000000S52°¢
00000006 ¢
0000009C°¢
00000000°¢
o0ooo00sL e
0000000562
00000062 ¢
00000000"¢
006000GL "1
0000000S°*1
00000062"!
000000004
00090052

00000005°

00000092

000092000°

X

$0000G00° 1
000000&1"6

G3Yiv3

00000006 "
¢oo00s062”
JAYND

60000000°2
00000000°9
00000020°"S
000000007
00000000°¢
000000007¢
00000000°1
00000000°
£10n6h20° -
G6S0R6L0"
cnRir9co°~
95810150°
CLnSiL01 "~
nrZ6ll60°
50600000°
02L0i8S1°Y

NN ITNOMN DO~ N FINOM

00000000°¢
gecooogoo*

Invyd ¥0014 9Z 010

A- 18



S i v i

hSE
113
25¢
1s¢
0S¢t
bhy
ang
ing

0EeS0n06"
0L266668°
0iZno%68°
09988168°
ocie8l88°
insliess”
h6o61L628°
onnooeGLg”

0Zn2e682L°S
0919h£0S°S
069.68L22°S
0hL60560°S
0L1¢€08E8*n
0228G119°n
eishites n
091Z2t2t°n

0022995¢°92
00065256° 12
00508n09°¢2
00stiofrig ce
00t 216910°t2
00SLh968°61
002601 24°8B1
0009200241

00000000°2
00000052 °9
00000006 "9
000000s2°9
00000000°9
00000052 °S
0000000S8°S
0600000S$2°S

/5.0



e i

agny T T -
- T 14 T T ¥ E
+ +
r l x.— “
r J 1 1
oy a1 4 :
- T 1) d_ I :
E
T 5 HHH ;
- =t 2 £
aaa I I T
+ " ; Sbpiua8se . pusi
o4 wann ol A +
sassen 3 e : a t +
- T
Remes = Lt " i i
: t 4
)
T
I i
; : _ 7
+ H — T
H pa 1 t T
¥ i T e e : H
: : ! L I A
B : [JEE2S23 sgany pupy po T T T
NN Foni haas paar juRg & Ty It r
3ge ngaut AR Tt it t } HHE I - 3% : B
e Sy SEEYSSaIa ST NN THLY J;E ! rgs 2us I HH
HE O e P et aadt
daagvedd] ried s rno fe8R3 rgingtads ] L
auysougy qegeyags 718 R ;
1 rﬁﬂ.ﬂxlx iWU tH 1 hﬂ L ] 1 |- I -4+ 14 3
+ rf ot b b4 -+ i ¥
HHH TR has M
4 it Saes ndadw H
L i z HH :
s H e TR T
T R + ays .
5 aapdy Bu b aRes sESN1s !
a8 i : Sasgiine
pad £ 1T H i PSR Sun gl b e H ¥ I
ja4s H : e o 1
H14 T s o ke
i gs = s s -+ Fags naguss pua
eagn ﬂwror‘.. 2 8
S 296! A Sguasan 2% BN, T Ho
v'ﬂv'tl.l t+ rIuL 4444 H 1 -t 4 -+ 3 - tH 5
Bya. s
& & H T sRRes Ba .
: sanuafigdsand ) sesssysus ydbgagys
TR St o4 [ERSI5505:
1§4sgana0s rBan 1 » adt phane 1H
THA H H H
y.:IW 1 (11 3 't
it [ 3 HHHH
st iiasd Ay gaen: Sageinspaisn ] 1
3884 pdd et H T sug by - H
S abgh Enngaglis eabn. ugnhngase boyad kage
easepesn FHTH E THiTH H $111d
R B ¢ 355 53381 {5 H RpasiERsliEss tHH
it i T c T Hi bR 5
rmm i ! i 4 L nakdfinkuoypubatfepsl salidhboydy ng falgtidhe
§ S ¥ L = geal e RSN hkyudy ¥ 3
934 a8 i I uud SR Eel] Bakatiasaf oadites it
.Hv— 1 L i " [ B " VA 2 m g3 :
| } red T pus sURRN Spats L 138008 binsd s h¥s
Pk ! L H 4 T HNJAV r4 3+ HH <+ +4 ~ 444t A Il
DU T 1 ARN H T4} 1 1 ]
. H * it i . 3 - H pes! S + ap
i IR ESREEH abdl st T Oh o HEHH H11l £
p 0 g . 8] 33 HE AT i
" - mumy penas
; st i - - FAESES. 2] FISILTY JRaESRREEL SSssasatls
et : 1] Lt T EH T 313 Hi T T
86 ! THITH T =
e i tH ﬁ | = -
; 83k e 53 ERR31 1323 12200
i HYBHH I Hit AlOpihb st
' A— > o b S REAA ..,1 W 5 -+
i HEHTTH t HE J S38E:
SM2i Rs s o I £1 iE3b ERM Dadki BprdiRachic
SR L, EENS RayY P §=Y | B R M
LA I ik eI R e et L R R U
: i f;.;)y peneypfgniytss s iy iowu 24 $2ENY bt
T T T sERau Bel T ot !
:; 3 R T CRI Bt el ) gt 3 THHE
v f- N 1] SRR e
HIAE NGO R AST N gL \4T
I [P SSNTY FREES DR RS DRUGS PENRS S el TR
; R SRE0S Mgty o SENS NSURI SRS Lithy 3] r,
! A DREAS SNUUE LD EY SO 1% RN ﬂx L.

.



T S I A bt e 1 s+

Contents

1.5.0

DOUBIE SPLIMED 8 x 10 SURPACE. . .
Input Data. . . . « . . . «
Listing of Offsets. . . . . .
Fig. B=1 Plot of Waterlines.
Pig. B-2 Plot of Stations. .

UPFER BOW SECTION OF DI1G-26. . . .
Input Data. . . ¢ . « « & & &
Listing of Offsets. . . . . .
Pig. B-3 Plot of Stations. .
Pig. B-4 Plot of Waterlines.

Page
3-1
3-2
3-3
B-S
B-27
3-28
B-29
B-30
3-31
B-43
B-bb

gy



Appendix B

SURFACES

Contained in this Appendix are several examples of surfaces
faired as tests for the mathematical lofting system. Included

are the preliminary data, final faired results, and a plot of
the ‘surfaces.
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DOUBLE SPLINED 8 x 10 SURFACE

Project:

To fair a surface of DLG-26 containing eight waterlines and ten stations
using the double spline concept to determine the applicability of the
technique.

Data:

The data used were preliminary offsets taken from DLG-26 Drawing No. 2068017
on Stations 2 through 12 at Waterlines 4 through 32, at four-foot intervals.

Procedure:

The data was smoothed and then used with SMOG-3 to punch the matrix in
the sum of the deviations-primal formulation, using the double spline
in both waterline and station directions. The surface was then faired
on the IBM=7090 using LP-90. Results were solved for using GOBACK 1.

Results:

The deviation between the surface and the offsets were reasonable in
all cases and generally very small. The surface meets all the require-
ments for fairness, including sight tests.
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D1G 26 8 x 10 PRELIMINARY OFFSETS - SURFACE

8 10
4,0000
20000
25,5000
51,0000
76,5000
102,0000
127,5000
153,0000
178,5000
204,0000
229,5000
«0000
20000
25,5000
51,0000
76,5000
102,0000
127.5000
153,0000
178,5000
204,0000
229,5000
12,0000
0000

25 .5000
51,0000
76,5000
102,0000
127.5000
153,0000
178,5000
204,0000
229,5000
16,0000
»0000
25,5000
51,0000
76,5000
102,0000
127,.5000
153,0000
178,5000
204,0000
229,.5000

1.5.0

«001000

10.322916
13.302083
16250000
18,874999
21,000000
zz.iszsoo
23,458332
23.,791666

5.333333

8.427083
11.781250
15,166666
18,343749
21,072916
23,239582
24,770833
25,760416
26.,156249

5.812500

9,.250000
12,916666
16,354166
19,666666
22,291666
24,364583
25,770833
26,708332
27.187499

B-3

e ————



1.5.0

7.166666

Il. zg

23.7187

25, 208332
26,208332
26,895 33
27.239582

8,583333
13o0937

g 260516
18916666

z.s’,z,g

26, 739385
z7Zoems
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UPPER BOW SECTION OF DIG-26

Project:

To fair the extreme forward section of the DLG-26, including the -end
profile above Waterline 16, for the purpose of testing the ability
of the end profile fairing formulation

Data:

The data was the preliminary offsets of DIG-26 on Stations 0, 1/2,

1, 1-1/2, 2, at Waterlines 16, 20, 24, 28, 32, 36, and 40. The
surface was re-faired slightly to eliminate the knuckle. In addition,
the offsets which describe the bow profile in this area were used.

Procedure:

The profile of the bow above the sixteen-foot waterline was determined
to be a straight line and its equation was found. The equation and
the preliminary offsets were entered into SMOG-2. This program
punched the LP matrix in the end profile formulation using the > fit
and dual tableau on the IBM=1620. The surface was faired on the
IBM-7090 using LP-90 in approximately fifteen minutes. The results
were then solved for on the 1620 using GOBACK 2 and plotted as shown.

Results:

The faired surface went exactly through the profile equation. The
surface seems to be completely fair but shows a slight hook at the
extreme ends of the waterlines., This may require -some adjustment of
the profile turn.

|
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Appendix C

DIG-26 HULL SURFPACES

The surfaces contained in this Appendix are a set of surfaces
which extend from the baselins to above the sheer line on the
DIG-26 class frigste. These surfaces result from an attempt

to more completely fair a ship's hull in order to determine the
capabilities and problems associated with the fairing method.
The surfaces presented cover representative sections of the
ship's hull., The extent of the hull which each covers is
shown in the figure.
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UPPER BOW SECTION OF D1LG-26

Project:

To fair the extreme forward section of the D1G-26 including the end
profile above Waterline 16, for the purpose of testing the ability
of the end profile fairing formulation.

Data:

The data was the preliminary offsets of DIG-26 on Stations 0, 1/2, 1,
1-1/2, 2, at Waterlines 16, 20, 24, 28, 32, 36, and 40. The surface
was re-faired slightly to eliminate the knuckle. 1In addition the
offsets which describe the bow profile in this area were used.

Procedure:

The profile of the bow above the sixteen-foot waterline was determined
to be a straight line, and its equation was found. The equation and
the preliminary offsets were entered into SMOG-2. This program punched
the LP matrix in the end profile formulation using the fit and dual
tableau on the IBM-1620. The surface was faired on the IBM-7090

using LP-90 in approximately fifteen minutes. The results were then
solved for on the 1620 using GOBACK-2 and plotted as shown.

Results:
The faired surface went exactly through the profile equation. The
surface is completely fair but shows a slight hook at the extreme ends

of the waterlines. This may require some adjustment of the profile
turn.

1.5.0 C-3
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CENTER - FORWARD SURFACE OF DLG-26

Project:

To fair a section of the DLG-26, extending from Station 3 to Station 9,
for the purpose of testing the method on surfaces containing large
slopes.

Data:

The data consisted of preliminary offsets for DLG-26 on Stations 4
through 10 at Waterlines from the baseline to the 36 at four-foot
intervals.

Procedure:

The data was smoothed and then used with SMOG-1 to punch the LP matrix
for the A\ - dual formulation double splined in the X direction only.
The surface was faired on the IBM-7090 in fifty minutes. The results

were then calculated using GOBACK-1.

Results:

The surface is fair everywhere except in the area influenced by the
first cubic interval above the baseline. Because no sign on the
second derivative in the vertical direction was required on the base-
line, a line of inflection is apparent in part of the surface. This
is caused by the high slopes at the baseline and points out a need
for curvature control at the first point.
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102, .0000
127.5000
153,0000
178.5000

2,0000
25,5000
51.0000
76 .5000
102,0000
127.5000

153,0000 1

178.5000
4,0000

102, -0000
127.5000
153,0000
178,.5000
12,0000
25,5000
51.0000
76.5000
102,0000
127.5000
153,0000
178,.5000
16,0000
25.5000
51.0000
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DLG 26 CENTER SECT

1.000000
1.000000
1.000000
1.000000
1.,000000
1.000000
1.000000

4.031250
5.562500
833323
666667
427083
739583

.666667

10,
2.
13.
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7.833333
0.031250
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b,645833
6.593750
8.020833
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10.322917
13.302083

1
1
1
1
1

21, .000000
22,562500
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CENTER CENTER SURFACE OF DLG-26

[ cri n ¢

To fair a surface of nine waterlines and eleven stations taken from
the preliminary offsets for the hull of DLG-26. The object was to
investigate more fully the problem of large slopes at the keel line
and to try a very simple overlapping procedure between this surface
and the next surface forward.

Dats Used:

The offsets to be used were taken from Station 8 through Station 14
of the hull at Waterlines 0 to 32 at four-foot intervals of the
offsets, except those of Station 9 which were taken from the
preliminary offsets. The Station 9 offsets were taken from the
forvard surface.

Procedure:

The matrix was punched using SMOG-1 in the dual lambda formulation

with double spline in the X direction only, then the entry for the
lambda row in the deviation constraints of the offsets from Station 9
were removed. This required the surface to go exactly through these
offsets. A basic feasible solution was included with the matrix. This
problem was run on the IBM-7090 using LP-90 and required fifty-four
minutes. The surface equation was solved with GOBACK-1 on the IBM-1620.

Ragults:

The surface fit the offsets to a deviation of A= ,03'. The surface
did go exactly through the given offsets of Station 9. Station 9,
however, has a different shape on this surface than on the forward
surface, causing a line of discontinuity between the surfaces at the
intersections.

Recommendations :

More sophisticated means for joining surfaces should be investigated.
In addition, it seems that a better surface would result from requir-
ing a specific sign on the curvature in the Z direction at the
baseline.

1.5.0 C-48
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178,5000
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204,0000
239.5000
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25 208333

zs.éz’ 33
27.219583
27.364583

27.229167
26,822917

25.416667
26.32344
26,.843750
27.187500
27.291667
27.250000
26,822917

25.510417

26,3150
26, 739533

0

153.0

C-50

vy



8sY
15%
95w
SoN
L2 ]
£Sh
(4]
tSu
0Sh
6hh
8k
PR L]
ony
SuY
L L]
LR L
[4 1]
ian
Onn
6EN
atn
1e%
9¢n
Sen
hEN
tTEN
een
ten
oen
T4 ]
U EA
1en
9N
SZn
hen
L YA |
Zen
1Zn
0n
éiln
(.31

ni68H#560°~
€8 19505 °-
452158511 °~
gZgno9et °~
g68ceoct °~
SiEL a9t~
"086G961 *~
hEZBL991°~
NELLESOL -
S92L6£91°~
£5699291 °~
gINQLIoL -
68652661 °~
£2558051 °~
66056951 °~
BLSRSSSL ° -
DOESELNS ~
812912126°~-

onoL6CLE L~
0S8122869°1~
0s9enBLB 2~
0S%60850° 0~
092524€2°S5-

0901 Ll R°9~
*¥30 GNOI3S

Lo6c620LIn”
89865090 °
LigL26S1S"
8lLian9L6"
8LutOZh9"
g09.L9212L"
£hoEH88L°
29612698°
LESLETSG”°
09€S9ne0" 1
05062911 °1
ozeZziol i
oonsnllecl
09¢869sE°1
090185en"1
oshesEIS”L
00851889°1
05282550°¢
ogicestioce
0586289t "¢
0129621S°n
00S699%2°9
01959015°8

002 nunen“ Lt
*¥3¢ 1Sv¥id

0026156S5°ST
00896L1€°52
00ESOnNEl °S2
00ESLLI98°nC
00€92965°0Z
ootezZaLZ n2
00622¢48°¢¢C
0021062h°¢C
0051S%26°¢C
000089Ln~22
008n06E6° 12
0022909€°i2
00Shetinl 02
00208€80°02
0082068 ° 61
00Zt9Ln9°8B1
00S21958° L1
0010€226°91
00989292°S1
008¢862C N1
00sbLnEE"CH
0£2946899°6

08661686°S

00000000°1
A

0092680€°92 .

0000000S°1t  00°1S VJ s
00000000°LL 00°1S ¥4 ]
00000005°0L 00°iS ¥dJ A
00000000°0L 00°(S VI
0000000S° 6 00°16 ¥4
00000000°6 00°iS U3
6000000S°8 00°1S ¥d
06000000°8 00°1C ud
0000000S°2 00°1S ud
00000000° 2 00°1S ¥4
00000006 *9 00°1S ¥4
00000000°9 00°tS ¥d
00000005°S 00°1S 34
00000000°S 00°LS ¥4
00000005 *# 00°1S ¥4
00000000°% 00°tS ¥4
00000006 °€ 00°1S ¥d
00000000°€ 00°1S ¥4
0000000S°2 00°1S ¥4
00000000°2 00°1S Y3
00000006 ° 1 00°1S ¥3
00000000° t 00°15 ¥4
0000000S * 00°1S ud
00000000°000S NMOG N3d
00000000° 00°1S U3
1 *1N3G3

0§€99160° | =

nGHEHBEN *~

0§818LE9°~

‘00822221 °~

0ZIENEES "~

00206226°1

00041480 °99—

0000LEBR°SEL -

0000€82€°102

000N 12SE°S02Z~

00186528°16

00000000 °1 ¢
00000000 ° 01 09 N
00000000 °0009 dn N3d <

SNOI1V1S ¥1D ¥1D 970

——— s - —r A —— — —— — —— o~ —— o S e o e e b e



o6n
86n
26%
960
Go6n
hén
Fon
oM
ton

06N

69%
L L)
19%
9gn
s8N
"gn
€84
zen
194
08
oL
eIt
l1n
LN
Sin
nLn
£in
zin
Lin
oLw
694
29w
20%
99%
S9N
"N
£on
Z9%
ton
09%
oS

951256M0° -
41SCEEN0"~
w88ZL.Le0" -
8hCE60E0° -
SGuELNnZ0°~
826£5810°~
ngneetoT~
6SN1900°~
0L6%0000°

Z98%0000°

€SL1%0000°

02870000 °

<£4%0000°

984%0000°

96€00000°

fn9NNh0000°

02210000°

62220000°~
£6908S100°~
cHion2o0 "~
1é65t2g00°~
LOLEONOO "~
299%8800° -
01199500°~
S11.%900°~
12620110°~
Zhiassio-
anEe1020°~
£5589020°~
216£2680° -
BElo6lee0°~
EhENEBED "~
S0L68200°~
teloten0®~
22860£50° -
6%662850°~
®Z00L%90°~
95Z0n690°~
AnE0LNL0° -
22%00080°~
#590£S580°~

S6€12108°-
89505840°-
%608£850° -
8ER9E N0~
ZrE00120°~
00619910°~
Zn206800° -
82182400° -
L VRNLZ00°~
20992200°-
£n228200° -
798€8200° ~
16928200°~
n0528200°-
%1106200°-
21216200°~
166£6200°~
12€22200°~
28121200°~
£0861100°~
855€2000°
222%0200°
ENEGZNO0°
75988900°
19516600°
z220En10°
19656020°
££016620°
7116601 870°
9Ln65150°
9€25£020°
8861£880°
SHE69801*
£8ZSNLEL"
11588961 °
96Z906n81 "
zzL04612°
Zn1606N2°
01680582"
1212282
8296059¢*

00Zec90eL 9¢C
00RESSIL"9C
005198621°9¢
006950289
006101 08°9C
000%1258°9¢
00864258792
00968098°92
00nS9298°9¢
00.01%98°92
00%92998°92
00625998°9¢
00i81898°9¢
00915698°9¢
0090ti128°92
oontsCcL28°9T
00R1GnLB°9C
0095ns.L18°9¢
001289.8°9¢
00€Eh9228°92
008£8218°9¢
0029£118°92
00216528°92
00168228°92
00£18898°92
00618298797
00%96£58°92
008.leth8° 92
00048¢78°92
00600008°92
00916089L2°9¢
00gis62Zl 9
00621089°92
00802029°92
00£SEBNS 92
00618291°9¢
001€629¢°9¢
000619%2°92
000geE11°92
001£2196°5C
008014682762

00000000 ° 2§
00000005 ° 1€
00000000 ° L§
00000005 *0€
00000000 *0€
00000006 * 62
00000000°62
00000006 *82
00000000 °82
00000006 * 42
00000000° .2
00000006 *92
00000000 92
00000005 *S2
00000000 °S2
00000005 * 12
00000000 ° %2
00000006 "€Z
00000000°£2
0000000S *22
00000000 22
0000000512
00000000°12
00000005 °02
00000000°02
00000005 ° 61
00000000° 61
00000006 * 81
00000000 °8t
00000005 °21
00000000 ° 21
00000005 °* 91
00000000 °91
00000005 °St
00000000°Gt
00000005 * nt
00000000 * "1
00000005 *§1
00000000 °€1
00000006 * 21
00000000 ° 21

00°15
00°1S
00°1S
00°1S
00°16
00°1S
00°LS
00°1S
00°1S
00°1$
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1S
00°1s
00°1S
00°1S
00°1S
00°1S
00°15
00°15
00°15
00°1$
00°1S
00°15
00°15
00°1S
00°16
00°1S
00°1S
00°1§
00°15
00°1S
00°1S

/6.0

oy



P

T e

ons
6£S
BES
L£S
9¢S
SES
nES
€£€S
ces
LES
0€s
141
8es
128
92s
S¢5
%25
€25
2zs
12s
02s
61s
81s
1S
91s
SiS
L1183
€LS
cis
its
01S
80
-80S
10S
90s
S0S
"0S
£0S
c0s

10S
00S

i 4 50

OnLi1S5060°~
68L1£560°~
$685£200t °~
£6860501 °~
8%096601 ° -
gozzaniL°-
¢0Z89sit °-
15EnShZL ° -
cLsonectL "~
86912591 °~
on0g020C°~
QeThEBES " -
895S90LZ "~
oL69601¢°~
gEnilBZine -~
£TNOSEBE -
€020661%°~
€ShBRIZH -
81290¢En°~
8o6E96EHR "~
slLiconn~
08l0ne88°C~
ongo6soce "S-
00682LSL°L~

00616061 °01~
*¥33 AONO0J3S

¢ e e o B P 1 i +

9062618t "
1000%keEN"
9100£€8n°
SS629NES”
0.00%88S°
Z0L09nn9"
1892250L1°
0898Zh9L°
0se9eLl28°
€98hS106°
19Z8ngE66°
096.5€01 1
o9geglec t
090gceLit“l
oon6lenS L
oszisszLt
0918€926°1
056862812
olgLr825¢°C
008001252
ocilgcolL-¢
09216%29°¢
09026529°S
092155h6°8

00802£en"¢!l
*¥30 1S¥1d4

T e e e ol U A e e T, Y i o -

0011Z281°92
00128186°S2
00685252°62
0022086%°S2
0001n112°52
0012260642
0016£245°n2
00629502 °HZ
00£22208°€2
009919.1£°€2
00LS1£06°22
00919625 °22
00195962°12
0006071 °12
00€0£SIn°02
00Z.16865°61
00092989 °81
00508029° L1
00822815°91
00SBEL1E°SH
00€£9926°€1
000S0€2%°*21
009198%1°01
09LE0NNG"9

00000000°1
A

00229021°92

00000000°21

05°92 ud o
00000005t 1 0S°9L Y3 -
00000000°t1 06°92 ¥J >
0000000S°0t 05°9Z Y3
00000000°0t 06°9; ud
0000000S°6 06°92 W4
00000000°6 05°92 ¥4
0000000G 8 0S°92 ¥4
00000000°8 05°92 uJ
00000006°2 05°9, ¥4
00000000 ° 4 05°92 ¥d
00000005°9 06°92 ¥4
00000000°9 05°92 ¥3
00000006 °S 05°92 ¥4
00000000°S 05°92 ¥4
00000006 "4 05°92 ¥4
00000000 °% 05°92 ¥4
00000005 °S 0S°9L ¥
00000000°¢ 05°97 ¥d
0000000G°2 06°92 ¥4
00000000°2 05°92 i
00000006 °1 05°9L 3
00600000 ° 1 05°92 ¥4
0000000S* 05°9L W3
00000000°0005 NMOG N3d
00000000 ° 05°9L v

7 *IN3QI
0010h250°1~
186865H0°~
00616096°~
0S22£561°
064%10£00°
00981195 °S-
00%Z8NL0°S
00009NZ0 *Hl k-
00002206°St N
0005£6£2°925 -
0004969%° 201
00000000°1 o

00000000 ° 01 09 4
00000000 °0009 dn N3d u

N T ——



18§
08s
615
845
1S
LS
S1$
nis
€4S
2LS
12§
01s
69S
89s
19S
99S
$9¢
n9s
£9S
Z9s
L9s
09S
6SS
8ss
1SS
95S
§SS
0SS
€SS
ess
18
0SS
648S
8es
185
9%S
$%S
s
€ns
'A 3
1%S

299i8940° -
81098070~
19506%E0° -
ceo6n68C0° -
hon66220° -
066€0L10°~
29¢80110°~
68821500°~
£8528060°

19€02000°

08615000°

85.6%000°

62££€000°

00012000°

94180000°

€09€0000° -
18651000°~
0S15S000°~
8.nn6000°~
8n9ee100°~
n2622100° -
00e21200°~
141 6200°~
16106200°-
€210££00°--
n9£Z£600° -
E9LNESIO® ~
n002€120°~
LTI RA 1 Ay
66LLNEED"~
[A LA L[ 1 Y R
OENINSNO* -
9¢88R1S0°~
1099£950°-
nZSACI90°~
68C¢C1990°-
o1200120°~
L£188S20°~
86862080° -
618£9580° -

620€LE0L °~
8LhOZ180°~
Shi82C90°~
LBBTEGRO° ~
Z18S2e€0° -
29fgeecO -
02862910°~
cheSLeio~
2ILsL1106°~
£S12S1106°~
hiosto-
ho2zo6teio0° -
9619210~
15025210°-
¢L059¢10°~
86SN9CiI0° -
h9086210°-
90%92¢210°~
6nneéL0°~
028.0110°~
¢1002010° -
21261600°~
61£85800° -
28282200°~
nZh19900°~
18215200°~
ceIN9L00”
66S18210°
Z11205820°
6SLLZ0O%0"
CSLlENBSO”
{h199640°
nigo06£01 "
L19980%1"°
£ZEQCO9L”
esotLizet”
§956¢£922°
92901¢92°
8£19220¢°
11998¢he”

00£66966°9¢
002192n0°12
00005220°41¢
002eo6n0L°i2
oot2escl Lz
00Z198¢e1°22
0008i6nL 22
009t L591°2¢
00eleiot L2
00gZoB9L e
0o0gsSeLLt il
00N9S6L1°20C
0045958122
oolont ot L2
00cé8LbL"LE
00£42n02° 22
00€90012°22
00cZolteLe
0068S22Z2°12
ooZtiegez e
00heONEZ L2
00t102egc 22
00590nnZ* 12
00698.482°22
006060S82°212
ITARI 2 Y AP R A
00€88262°L2
00SheBNC L2
0015L6€2°22
oosnrezecLe
00298861°22
000nhN9L"L2
oolLe88LL*2e
00062090°22
0012928692
00nn9668°9¢
008105624°92
00158229°9¢
008861€5°92
00ENt02¢2°9¢

00000000°0009

00000000~ 2¢
00000005 L€
00000000°1f
00000005 *0¢
00000000°0¢
00000005 62
00000000°62
00000005 8¢
00000000°82
00000005°2¢
00000000°22
00000005 °9¢
00000000°9¢
00000005 °S2
00000000°52
00000005 "1
00000000 %2
00000005 ° €2
00000000°€2
00000006°22
00000000°2¢
00000005712
00000000°12
00000005°02
00000000°02
00000005 ° 61
00000000°61
00000005 ° 81
00000000°81
00000005°21
00000000°21
00000005 "9t
00000000 °91
00000005 °S1
00000000°S1
00000006 "1t
00000000° 11
00000005 £l
00000000°€1
00000005 "2\

dn N3d
0S°91 ¥4
05°9L ¥4
06°92 udd
05°92 ¥4
06°92 ud
06°9L wd
05°92 ¥4
05°92 ¥d
05°9L ¥4
05°92 ¥4
0s°9L 4
05°9L2 ud
06°9L ¥4
06°9l ¥d
0S°91L ¥d
05°9: ud
06°92 ¥4
05°92 ud
0S°9L ¥4
05°92 N4
05°94 ¥4
05°9L ¥4
05°92 vd
05°92 ¥J
06°92 MJ
05°9L WJ
06°9L ¥4
05°91L ud
06°9L ud
05°92 ¥4
05°92 ¥4
06°9L Md
05°9% dd
06°9¢ ¥4
06°92 4
0S°9.L ¥4
06°92 ¥4
06°92 ud4
05°92 udd
05°92 ¥4

c-rY

/.80

e N i



ey
1c9
029
619
8t9
9
919
cL9
w9
€19
4%
19
ote
609
809
109
909
"S09
ho9
£09
z09
109
009
66S
86§
168
965
S6S
%65
£6S
Z6S
16S
06S
685
88s
18S
928S
$8S
"8S
€8S
'4:-1]

9299€120°~
49%602.0°~
6CS11280° -
0C69RE60°~
Z86gtnot * -~
AT XA L TN
€650S5¢2t ° -
Zigeiogl °~
9noL8901 * -
tZnssLst -~
n8s501.202°-
15099962 ° -
oezZieooe "~
$6991655¢
1G61ESON" ~
8221805 N "~
hEFZANOS -
9N0B6ESS * -
959986Ch "~
1825250¢€ °~
068¢9181°—
0052S150° -
VI TR IR Ay
OheC0OLSC N~
092229%¢€°9~

08LzZs9snh 8~
*¥30 GNODJ3S

L16Gh6tlE"
1290860%°
99¢g168nNn"
Lonescenc
126861106°
eLlgL966°
59661959°
s6theZer”
con00goL”
SLh01698°
05292096"
02502940°1
(ATA L] YA}
oLoZnZaE" L
062692.6° 1
0L6€L182°1
0199S21c0°¢
092191¢262°2¢
0s0gLBES C
otgeoZesce
oLi88¢n8°C
01€29£06°2
ocelElSh e
0£216090°S
AT 1R ] WAL

0002220t
*¥30 1Sv¥ld

0051891£°92
00%96021°92C
00.96906°62C
00L6m1L9°6C
00120€tNh°Se
00265821 °9C
0015h518°%C
00688040 °0C
00gegCc 60 N
00120219°¢¢
00402022°¢2¢
posg9CiL ce
00£9¢0ni °22
006SS1L6Nn° LT
00628€5.°02
oonhLinib 6L
0085619681
00ns0fr88°21
00268249791
0089255%°S1
00g0civecti
ooreiresccl
00012s26°01L
onglg688°8

0Zn826EL"S

00000000°1
A

00€66566°92

0000000S°21  00°201 ud w
00000000°2t 00°20t ¥4 v
00000005°11  00°201 Y¥d
00000000°1t  00°20t ¥d
00000005°0L 00°20t Y4
00000000°01 0C°ZO0L ¥J
00000005°6 00°20t uJ
00000000°6 00°201 33
00000005°8 00°201 ¥ud
00000000°8 00°201 Md
00000005°2 00°20t Y3
00000000°2 00°20t Yd
0000000G°*9 00°201 Yd
00000000°9 00°201 ¥4
00000005 °S 00°201 ¥4
00000000°S 00°20t ¥4
00000005 °n 00°201 ud
00000000 °% 00°201 ud
00000005°€ 00°20t Y3
00000000°¢€ 00°20t vd
00000006°2 00°201 ud
00000000°2 00°201 MJ
00000005 °1 00°20t ¥J
00000000°1 00°201 ud
00000006 * 00°20t Y4
00000000°000S NMOQ N3d
00000000° 00°201 Y4
7 * i1N3a]
oct8Lzol -
19918011 °~
0615£982° L~
00é6sgS2¢°t
08hN0669°L -~
00€165€9°9—
000126£9°62
0000£6€G°6L4€—
00002.GE°8SE
00002809°022~
000921K8E°16
00000000°t Q
00000000° oL 09 Jm



PRS-

£99
99
199
099
659
8%9
259
959
SS9
hG9
£59
59
159
0s9
619
gne
199
9n9
SH9
hho
u9
Zn9
189
on9
6¢9
8L ¢
1¢9
9¢9
5¢9
heoQ
§¢€9
29
1£9
0e9
629
RC9
129
929
S TAY
heo9
€29

tosnicio -
Snil60io" -
96289600°~
6£951800° -
$€2122100°~
26966600° ~
£€99.1n00° -
88G¢GE00° -
n890€200°~
96nZ20200°~
Sgonito0°-
SNH9nl00° -
£€i681100°~
95506000° -
£€629C00°~
2150000 ° ~
€n990000°~
LZheN000°~
8¢508000°-
0€21100°~
66ENS100° -
6nELH6L00° -
s8z82eze0 "~
S¢259¢00° -
92£20€00° -
12826010°~
569¢8810° —
9Si h1920°~
GL6M90E0" -
A A YA | Ay
66291050 °~
2L69%850°~
58222990~
£1£00290"° -
021€2190° -
8695N890° ~
Ln581690°-
121 6690° -
526%90L0°-

FlLe2iG600° -
6601G6¢0°~
1508ghe0° -
91092620° -
hB6E6520° -
62668220° -
60196610~
nl18gQ210°~
otnoGoio -
nl0ONZsS10°~
1860EH10"~
8L18S¢10° -
61€28210° -
(L FARTA Y ey
9¢5661LL0°~
Se622tt0° -
teegLttds -
€1666110° ~
tot2etios-
210610t0°-
9EoL10L0"~
n8"12600° -
9LigLB00° -
neE896900° -
161 1G6500° -
Shl90200°~
wS20nS00°
tLt822910°
29%¢ice0”
1S60n1S0°
Sh069nL0°
son6BIL0L”
ZhBSOEEL”
1292€959L°
{8420002°
Zrzzinge”
162¢5892"
€2182¢0¢°
gLENNBEE”

poZeslot*le

ooceelot L2
pogicLi8t L
004S%202°28
00L60822°1¢C
00gh2igc 1l
c05gsengle
0001R6527L2
00916692 L¢
0016222212
002£0982°1¢
00265862° L2
00ZhS00E"22
00112820¢€°1¢
00029¢lE° L2
00nhhSo6tLE"LT
006nESCE" L
009n01£€" 22
001289¢E°1C
0026S2nE° L2
00L9eRNE“LC
0052e¢62°42
009028Se°LC
oohi829f¢ L2
0002h99¢°12
00hNG69+- 22
00906t 2c°48
0010802722
00g£S669¢8°L2
002eZrESE"LL
00te9cee~il
00i9¢10E° 42
00Zinise e
00128861°12
008S0N21°2¢2
0082nZe0°L¢2
00166%26°92
0082¢86L°92
001£€559°9¢
000i8n60°92

— U S,

00000000" c1 09 3
00000000°0009 dN N3d la
00000000°2¢ 00°201 ¥4 1Y)
0060000S° 1LY 00°20t u4d
00000000°1¢ 00°20t wd
00000005 "0t 00°cOot ud4
00000000 °0¢ 00°201 ¥4
00000005°6¢ 00°201 ud
00000000°62 c0°20t ¥J
00000006°82 00°201 w4
00000000°8¢ 00°20i ¥u3J
00000006°22 00°20t vud
00000000°22 00°201 M3
00000036 °9¢ 00°201 ¥4
00000000792 00°201 Y4
00000005°SZ 00°20t ¥3
00000000°S¢ 00°201 ¥4
00000006 °n¢ 00°20L Y3
000000001 0po°cot ¥4
00000006°¢¢ 00°201 ud
00000000°¢¢ 00°20t ud
00000005°2¢ 00°¢ot ud
00000000°22 00°20t ud
00000006712 00°201 ¥4
00000000°1¢ 00°201 ¥4
00000005°02 00°201 w4
00000000°02Z 00°20t ¥4
00000005 " 61 00°201L ¥d
060000006t 00°201 ud
00000006781 00°201 w4
00000000 °81 o020t ¥J
0000000621t 00°201 ud
0000000021 00°Z0t ud
0000000691 00201 ud
00000000° 9t 00°20t ud
00000005 °S1 00°20t ¥J
00000000°St 00°201 ¥d
00000006 *ni 00°¢01 Y4
00000000 ° %1 00°20t ¥4
00000005 °¢€1! 00°201 ¥4 Q
00000000°¢t 00°201 ud )
~

N



%02
2
202
1ol
001
669
869
169
969
S69
"69
£69
269
169
069
489
889
189
989
$89
789
£89
289
189
089
619
829
219
929
S29
"9
€19
229
149
029
699
899

199

999
S99
%99

9£8089.0° -
$5028LL0°~
nIwEBBLO" -
12208960°~
0669Li011°~
gnegliel -
06501061 *~
S8ni9891L -
9LE09981 °~
i8LL9n0C"~
0008s2¢22Z°~
teLzeloc -
9csleeie~
2822985¢ "~
n60265£00°~
9lBLgonn " -
16699060 °~
L5€1000G°~
6019€585°~
05CsElEn"~
Sle0E682°—
20512181 °~
65£61900°

£609Z618°~

0eSL22609° L~
000621Ln"2-

oen0elol e~
*¥3Q GNOI3S

£112858%"
189L0a02Z0"
£eNN9Eon "
SL166206°
001%%096°
9812¢£229°
11181£69°
9tLeeoLLl”
96198198°
1£619656°
020209901
0ccol 68l 1
0ltohneE"t
0892£206°1
01S20869°1
08Lne906° 1
olengenl "¢
oogLoton°e
0£25£289°¢
080£0886°2
0L689611L°€
OShEElZZ e
00696092°¢%
09160090 °¢
01522080° 0
0029€601°S

09S1616S8°9
*¥30 1S¥ld

00106851 °92
00€£5€956°62
00hSENEL"SC
00nnbLon"Se
00£2€G622°62
008666C6° N2
00290t 09° e
0020¢9€Z°ne
00056928°€C
00ShollE"EC
00£22998°22
0068208 °2¢C
005682219°12
00949196°02
000NL991"0¢
00Zn8L92761
ooht99sZ 8l
oooecztZtL~Ll
00g28LS8°SH
00ChoE RN Nt
00921926721t
009829ge L1
0gBZILLIl®S

0g210L%0°8

ontiocsil 9

00210868°¢

00000000°1
A

05%221 ¥4

00000000°€1 T~
00000005°Z1  0S°2Z1 ¥J -
00000000°2t 0S°22Zt Y3 .
0000000S°1t 06°J21 ¥4 A
00000000°t1  0S°221 ¥4
00000005 * 01t 06°22t u3l
00000000°01  0S°22t Y4
00000005 °6 0S°2ZL w3
00000000 °6 0S°2Zt ¥4
00000005 °8 05°221 vud
000000008 0S° 12t w4
0000000S *Z 06°1Z1 ¥4
00000000° 4 05°221 ¥4
00000005 °9 0S°4Z1 ¥d
00000000°9 0S°12Z! ud
00000005 °S 06°12t ¥4
00000000°S 0S°221 ud
00000006 °% 06°221 ¥3
00000000 " 06°421 u3
0000000S°€ 0S°2Z1 ¥
00000000°¢ 05°121 ¥3
0000000S°2Z 05°221 u3
00000000°2 06°221 ¥3
00000005 " { 0S°221 ud
00000000 ° 05°2Z1 ¥3
00000006 06°221 %u3
00000000°000S NMOG N34
00000000 " 06°212t ud
r4 *IN30}
687209t %°
65910862°~
0£051861 L~
ogn0iost
06259682~
00S12229°n~
00068200 °€€
000029€2°991 -
000n1€26°0Nt
00082€(5°S0L~
00SZ121h°2S o
00000000t rw
~

ey



o8t
LL7]
Nl
t4.7 ]
ind
0Nl
6tl
8l
ied
9¢l
117 )
ntl
137
47}
g2
o¢el
6cl
8¢L
122
922
sl
LI
€2l
¢eL
1¢L
11241
6l
et
12
9L
st2
nl2
11 ¥
(4]
te
ot
602
804
102
90L
11173

10%92600°

61066200°

19211900°

S9ESTN00°

0215%200°

102119000°

16912100°-
8n6n0£00°~
£0588400° -
15622100~
12829500°~-
$2020£00°~
0£99%200°~
26098100°~
76952100°-
ALES9000° -
81610000 °-
91556000 °~
26198100°-
2121200~
Z9LL9€00°~
SON8SN00°~
1616500°~
£666£900°~
1220€200°~
QNNEZSIO0° -
68291£20°~
911601£0°~
281106£0°~
ZLNNo9n0° -
£GNLBRS0°~
0n108290°~
99622020°~
891 N2120°~
£0G62220°~
10692£20°~
S0192%20°~
81n61520°~

1591€900°~
68%22010°~
%Zn22n10°~
99618910°~
08615810°-
68425610° -
€2161610°-
12811810°-
98§21910°-
LLOERELO" -
62928110°~
SIEL1010°~
26£61800°-
80169200°-
1£526900° -
®KQ09%900° ~
91852900° -
$8220900° -
SOLEES00° -
196E1100° -
82ANGZ00° -
8026%000° -
29010200°
%8£00500°
19850800°
SSS20M10°
12029520°
6SENTLED"
1%892%50°
20092910°
tistzion”
ssiniigt”
28381 1" 0
SIZE1002°
11€52952°
zo268212°
8€SE00LF"
S1029Lng"

(L YAV YA RP X4

ooLi6ZEL"LE
00tz12¢81°2¢
00Stingnl "L
oo9zeisttie
ooetio9L~12
008t2691°2¢
00hESLLL"LT
00l86881°22
008SnL6L LT
00500502°22
00992112°22
0098%912°4¢
ooglsteetie
poiesesee Le
oonszece L
00gs92€C L
008l65€2°12
00666882°2L¢C
oongRLNZ"LT
000%ERNZ LT
00956SNwE LT
0094290C"L0
0018090212
000nSHNnC"12
005921 w2 L2
006v86E2°L2
00tLLn92Z° 12
o0nontle Ll
00429881 ° L2
00048551 °128
008g91L1°12
0000.¢S0°LC
00668616°92
0021.888°92¢
00599621°92
0006£259°9¢
00099906°9¢
00292ZnrE*9C

00000000°1

00000000°

00000000 °0009

00000000°2¢
0000000S° 1€
00000000°1¢
00000005 °0¢
00000000 °0¢
00000005 *62
00000000°62
00000005°82
00000000°8¢
00000005 °22
00000000° 22
00000005 °9¢
00000000 °9¢
00000005°S5¢
00000000 °S2
0000000S " %e
00000000 °twC
00000005 *£C
00000000°€2
00000005 ° 22
00000000°22
00000005°1¢
00000000°12
00000005 °0¢
00000000 °0¢
0000000561
00000000°61
00000005 °81
00000000 °81
0000000521
0000000041
000600005°91
00000000°91
00000005 " St
00000000°S1
00000005 ° 0t
00000000 °nl
00000005 ° £t

a1 09

dn N3d
0s°421 v3
0§°22t ¥d
06°12Z1 ud
09°221 ud
06221t ¥d
0s°a2L ¥d
06°221 ¥4
06°121 4¥d
0S°L21l ud
05°221 ¥d
057221 ¥3
0Ss°1Z1 ¥d
06°L2Z1 ¥d
0S°LZ1 ¥d
06°221 ¥4
0s°421 ¥d
06°.2t ud
0S°22t ud
0S°iT1 ¥4
0s“12i vd
05°12Z% ¥d
0§ 221 wd
05°221 Y4
06 121 ¥4
0s°221 ¥4
06°1Z1 dd
0S° 421 ud
0§ L2t ud
0S°i21 ¥4
0S°LZ1L ¥4
06°221 ¥4
05°421 ¥d
oS aZL ¥i
05°121 ud
06°l21 3
0s°2ZL wd
06°121 ¥4
06°421 u¥d

/.60

r



P

i8¢
08t
6l%
8l¢
11%
9Lt
Slt
nlge
£1¢
2Lg
t1¢
olgt
69%
B89¢
19¢
99¢
S9¢
"ot
£9¢
29¢
19¢
1141
6S¢
1:413
15¢
95%
§5¢
nG§
€£5¢
[411%
1s¢
0S¢
ong
gne
IR 13
9ne
Shf
L1
The
Zng
19€

228€2600°~
05820800 ° -
8s818900° -
29809540 ° -
4Sh69190°~
niélLLi0"~
£5£98£60°~
COLN6601 "~
te2e09¢ct ° -
fniocient *~
e9n0cest ~ -
1£68CNEL° -
onltosgLl"-
69eE62LL "~
nelSeeLL -
€S645121°~
c61060L1 "~
sqneioLl -
NBIN5691 ° -
L£4698091 °~
neEZREQLS " -
1£5668¢£98°~
o£8ORLLZ L~
02iceass 1~
01£95091°¢~
0Z902296° ¢~
068HBEQL G~

0CLonS9E "9~
*¥30 ONOD3IS

862cS9162"°
g0iBosic”
858996¢€E "
clzoLeee”
0802¢968¢ "
Le9NnTn "
R4 TIPA N
S00Sg91S”
SOINELLS®
88l18E N9 °
0529061L"
18165208°
19196688°
SLm02926°
08£06290°1
osgongnl *i
02280n¢€2°1
oss9¢eotet
0890¢n0On"1
oggtoesn°i
08nZZ099°1
0156¢500°¢
0s02Zines 2
0sg0l912°¢
0Lhl1S98C N
08l9¢Ll6°S
01181992°8

oootitnl i
*¥30 i1S¥Id

R

005288£2°5C
00n88980°62
00956226°12
00gEE vl NT
00£15655°he
0019g9se°n
ooLnigel“ne
00829188°€¢
ooleontocee
009€680¢°E2
0060896722
00££1885°2¢
00080591 °2¢
00919869°1¢
00524881 °12
006919€9°02
00125000°02
oosnteon ot
ooLtcize sl
00968266°21
ooteB2t2°21
00L11.280¢€°91
00L65€81°SH
00629652°¢ !
00nnE206°1L ¢
onBLesse 6

01006N028B°S

00000000°1
A

00000005 *¢£t 0§°SZ ¥4
00000000°¢1 06°SC vd
00000005 °2t 06°SZ ¥4 -
000000002t 06°SC¢ ud
00000006° L1 06°6Z ¥4
00000000°11 05°SC ¥4
00000005 °01 05°SZ uJ
006000000°01 05°6Z ud
00000005°6 0s°SC ¥4
00000000°6 0§°SZ  ¥d
00000005 °8 06°6Z ud
000000008 05°92 ¥J
000000052 05°SZ ud
00000000°L 05°SC YJ
00000005°9 06°S2 dd
00000000°9 0S°SZ Yd
00000006°S 06°6C ¥d
00000000°S 05°S2 ¥d
00000005° 1 06°6Z ¥J
00000000 ° % 0Ss°Ss¢ ud
0000000%°¢ 06°6C ud
00000000°¢ 05°SZ w4
0000000S5°2 06°GZ ud
00000000°¢ 06°s2 ud
00000005 °1 0S6°6Z ud
00000000°t 0S°ST ud
0000000S * 06°SZ ¥4
00000000°000S NMOO N3d
00000000 ° 06°SZ ¥4
4 *IN301
toerteonto”
gngoelLT -
YA Y41 R
0906S2¢£2°1
0Ln9SISH° 2~
0n208098°2
00425NZN"6S~
000E0LLL*Shl—
0001£080°502
00021G669°£02-
000£68C1 68

/.5,0



O3 e o e =

LR
2in
9N
Sih
ntn
£in
cin
iin
oin
¢0h
80N
10
0
SOn
L]
£0h
Z0n
ton
oon
66%
86¢
Lot
96%
113
hot
t6¢
cot
1¥.37
14739
68¢
88¢
8¢
98¢
S8t
ng8g
£8¢
r4:13

S¢R18010°~
{4€81010° -
8167S600° -
12916800°~
19182800° ~
nilh9L00°~
8ih10200°-
§961.£900°~
2IS%is00°~
419¢05900° ~
8290€n00° -
9098%£00° -
01598200°~
S0Lh1200°-
2582H7100°~
9£60.2000°~
zet1o000”

65158000°~
8tL22100°~
81865200°~
91694500~
098¢EH00 "~
61802S00°~
€9210900°~
902176900°~
61060210°~
£61€0610°~
05€20520° -
n9Lite0~
1Zgsiigo°-
1S102en0°~
80gnZond -
99482550 °~
ELNi0nS0° -
S6n98e50°
S18S9150°~
028%%050°~

L£1002¢20°~
cnB89910° -
gito2tl0°~
£Gh8LL00°~
czZi88¢00°~
es88llto0”
96061%00°
82¢2i800°
8L181110°
02998¢10°
80L91910"
ghZli18i0°
02524610°
8snn0i20*
6ll16120°
R TAR A 41
858€9¢220°
so1Z8cee”
£€C09¢20°
0g995w2Z0"
Zeti192e0”
£5910820°
LInZH0E0"°
L81G2€e0"
80C159¢€0°
tRSISINO®
ngnisend”
SR165090°
sg8teswio”
L9nn9i40°
S809Li11°
202G98n¢L "
92600191 °
gccheBel”
§5590%12°
L0002tne"
8n6eL99C”

0092680€°92
009t221€°92
00tonnZe°9C
00L15062£°9¢
0062¢2¢€£°92
000992¢€°92
00¢£80EE°9C
008en22E"9T
00695222 °9¢
00SIN01E"9C
0018980£°92
00182662°9C
00nZL062°9¢C
00122082°92
00h8L69C°9C
00129862°9¢
oo0zZig2re 9C
00Nl 6SEC 92
0062¢0ZZ°92
0086SCt2°9¢
00951661°92
00c9¢981°92
ooLgstat -9
00€9.SS1°92
002eeREL"9C
006£068L1°92
00n02960°92
00£18890°9¢
000¢25¢0°92
00028¢€66°S2
00L1n2eEn6°52
00g€L188°S2
00218108°5¢
00nB8h0CL°ST
00929619°52
00495605°S2
00€248LE°SC

00000000°2¢
00000005 ° 1€
00000000°1€
00000005 *0€
00000000 “0¢
0000000<° 62
00000000°62
0000000S "8
00000000°82
00000005°22
00000000°L2
00000005°92
00000000°92
00000006 °S¢
00000000°52
00000006 %2
00000000°0¢
00000005 °€¢
00000000°€2
00000005°2¢
00000000°¢2
n0000006°1¢
00000000°12
00000005 °02
00000000°02
00000005 ° 61
00000000°61
00000005 °81
00000000°81
00000005 " L1
060000000° L1
00000005 °9i
00000000°91
00000006 °S1
00000000 *St
00000005 ° i
0000000041

05°s2
0§°S2
06°se
0s°Sse
0s°se
05°62Z
06°S¢
06°s2
0s°s2
05°s¢
0s°s2Z
0e°s2
0s8°s2
0s5°s2
06°62
06°S2
05°62
0s°se
0s°s2
0s°62
0§°G2
0s°se
06°s¢
06°s2
0s§°s2
06°se
0e°se
05°82
05°s¢
06°s2
06°52
05°6e
06°s2
05°s2
06°92
06°s2
0s°Sse

rd
C-60

&«
-
/.6.0



L e e AT IS I

1)

- s il
11
e .. -
‘ t 14 4 { H
e _— 4 1 i
I
T T - s Y T
™ 8w 1 . T 1 —mw. -
asiugs sqagyiungs sadd jasas ! oy Bai
I atior T r1 1Y +
1 -+ H -4 T
Y -4 Rt fna 1 1]
h [
£ i fue yana
3 8 ub SRS NERAS Yoy 1
¥ H1 T - t ¥
+ : i Tebs aatpt Lans T ERapaLAs .t an
* M 3 411 - Y
T 1 -+ i <+ yn «
55 g ndssauis FHH ety H * i +
e i d 23
TEiE s T Anads 3
1+ + ] Hib 1 4
HH 4
T Eegaguy !
- H 8 4
S+ HH paEye + 1 v sainaed HTE u H - .
LepH 14 g ui 8. g aad ¥ T
- bt d 4o » H - I s 8
ase 48 H T ans R I aas
os gudynnpgnd EBye H HHES a3
it H G [ - L e 3t H¥ b .
3 0 ¥ ane Suagil shan - 1 4] ny i
- Rt B ey u: :
- 14371 is¢aggnn T Hhtls - i r ! : gs THHH
H {1 . H L SHYNE hpw - +4
3 S ER e EE T H A b s Svaan] budalagdag a5 ey - o 1
: T sxfrw SR Sunks soabsns =343 Hir = tHH S Iy
T T4 * . 1] »! 88 R
= ] nlxan HH “ T =  gage T, 1 a pu e
C . Horri+t reri spaptyeshia g L] B -
I H 31 2% HE 1] dluka &e HH e HH HE
- t1111 ¥ me H
Ayas 1] uk abidajaci sd H - 1T
R FHTH FH gom A 11t i :
- 9uss gnenys H g »
u) ERad H ] s . segapanage
T H re TTHHH [ H T H 3 H
T TR H Ty . 3 H Hi1H 31
[ L 1-HHH H i mage ¢ yhgan et tH1 L) H H
SH TR TTHRITHTTH . HHir 28 §isagss al semBa is = HH u g u H 1T sys ma: 11
' 3 F . ] B! i uf H 2
4 THIHH ARgsSudis nn HT H - assnngs 1
s iajdinaag sunnsgw . FH x?r gpas sy s » : ify TH .. +H HH
H ] » ] ] 13 aladda » LTI | 14 .
agnt 1RNGQRRERL pangek 4 r i gan ] (g . a3 +HIT 8 H as - I 3 m 11 1 3] a
» 11 - F re o L R s =3 ¢ I 3T Eiid . n 1 - i 1 FHid g8 Hei supnglayi
3 ] 34 un o e AT =g2 i 4 HH i
uhyin L T [if}. tHI1H . H 1 . H
8 1] ;! H 111 SIREI T -1 r 1f seasds : . » [ ] .f H H sé TITHHKH
yw s 133 ] H 11 Hit R T I HH 41 - J1E H4
* -} + -t -4 - 8 1 4 1
- b + 3 315 - gpadupdeniai 43 e r . LT ] 114 inkys
st M RS LR i)t aind : BRI T i
tE ity § ; & tiHHE 1
H i HTHT 3 i . £ HHT B H - 2438 - H - T H
: 1 E : i THE 3 ] T H THIEH B
it wm Y 183 14 s H . L 1 HHIHY . o3 &Y
1 ] 1 . » . 3 1 b g = T H
. = + T T HHIH LA L . T R BT
WELANEN :., Hisa (i thvtii e | - T # 111 1 HTHB L
v_._.wJ‘ 14t H i3 K f apvey L [1) L riy] - Sswgnaves) rye
HEH L - = H 451 ahne ¢ ; 3 HH
T THi4e o $ [} m 23 2 . Ryt ig ngegs 2
1 ...ﬂx 8 o8 ) iy * & - F 3 LT " : 3 Il
H b § 1503418 3 L = e g T
uds TTe Bax T s +HF i ¥ - 8 g HH
13 13 tsestld T R . 3 e 42 14 3 4
SHIbHH 4T : H H 1 - { .
~HEHTEH S Tax 1543411 - BE T 18 H - 351585 H HTHTBT £
i ik T T i il B faitiienat dpisstich ethatingd
1N 115381 13822 Eatt IS 14 - . T . -1 L it 4 5 agaspn
a1 130 i, a FHHERHL | ! 3 d - T 3
(I I e R if et tiaa) ilanasepd s HERE S : : TR
HHie a3l 1 fevsnnel {AAdLTeiR sheh T el §18 -
i3 foib » i E Hige ¥ : = =E2 e xq);u;.._r;
H .. -} &4 . H 4 -1 4 N § SRR i1 4
5 gaot histgtest st etnt sitheaiesl intdihana HTH - | == an smgassun e
il et i e S H S H F T - s S HT 3
+ ' R4 Sag By g enyliv NeyE H L T ’ 28 SH1 3 * g an - . 4 W H oa haw
i it it HeH FH T {8 438 S - Lt 4 1 e, :
8 fxgug Ruds 1gfngilens o4& I ny SpREY HRER 7. i Fepet xyas panas
14 a=ts n T THHPH B Hli 1} 258 £ A
T Pt il ,,.nd HEGTHLH sHEUEREEHSEE N EEE 1y H- H : et Iy
54 CPELY 1 =ed dIR1EE02 - H- P HEEE A it T e HIH Y gty Pt RS INRS! ﬂ.q 23
HE HH T BT S 1 . ‘ﬁ_x.,.u,‘.h bt SBes et LENREURRNN FETRS BANER IORES 3=
553 51 H it HHE gggaas R e iaa . IERRENS b
1. aage i t pradyatgs say Sa STEa BEaEt Rk R RS & : A
shgds sug L gey Spawe - . .
= sud - - [N i te EREE SRES1 » - oy RS SRS SN NI . c o
3 . (RSN b BTG SRS . .
RS RN R FEATY SERRS EREH BRI




STERN SURFACE OF DIG-26

Broject:

To fair a portion of the stern of the DLG-26, including the stern
provile. This surface extends from Station 14 to Station 18 and

is extremely complex. The surface includes the transition from the
middlebody to the area encompassing the stern profile.

Data:

The preliminary offsets of Stations 14 through 18 on waterlines at
four-foot intervals beginning at the baseline and extending to the
thirty-two-foot waterline. Also, a set of offsets describing the
profile of the stern runup which was scaled from the preliminary
lines plans.

Procedure:

The first step was to fair the two-dimensional stern profile and
obtain its faired equation on the IBM-1620. This equation, along with
the preliminary offsets, were entered into SMOG-2 which punched the

LP matrix on the IBM-1620 in the dual-lambda formulation using double
spline in the X direction only. The results were solved for using
GOBACK-2 and the offsets plotted as shown.

Results:

The upper portion of the surface faired quite well. However, the
lower section which represents the largest portion of the surface
appears to be quite unfair. In analyzing the results, two predominant
reasons for this result were found:

1. The equation for the profile was found to contain an
inflection point in the first interval and therefore
did not accurately represent the profile.

2, A condition was found where the sign of the second differ-
ence at a given offset as calculated from the neighboring

offsets was opposite in sign from the desired curvature.
This is illustrated below.
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Positive curvature

Negative
second difference
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The signs, however, were consistent with neighboring signs
and therefore were not detected by the smoothing routine.

The surface meets all of the conditions which were required, including
those in error, and > equaled .02'.
Recommendations:

It is recommended that the surface be re-faired incorporating the
following improvements:

1. Re~fair the profile to obtain an accurate -equation

2. Manually set the erroneous signs of the second differences
to their proper values

3. Include the two-foot waterline in the data to help define
this portion of the surface

With these changes, a satisfactory surface should result.
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